SimTraffic and VISSIM are two microscopic traffic simulation tools that are capable of modeling arterial roads with signalized intersections and roundabouts. This study compares the performance of the two simulation tools in modeling dual lane and triple lane roundabouts under different scenarios such as traffic volume, proportion of left turning movement, and proportion of trucks in the traffic flow. The two simulation tools did not show statistically significant difference in general. However; in the case of high traffic volumes, VISSIM showed higher average delays than those from SimTraffic compared to nearly identical results in the case of low traffic volumes.
Introduction
In order to address roundabout designs, the need for microsimulation modeling has been considered by traffic professionals in order to have an advanced understanding of an overview of traffic and to identify current problems and suggest possible immediate solutions 1 . It also helps test alternative traffic operating systems in a simulated environment, which provides a platform for performance comparison of varying solutions for decision-making 2 .
Furthermore, Shaaban and Radwan 3 also believed that simulation modeling could save users huge amounts of time, effort and money and also ensure safety by not interrupting real-world traffic conditions if the calibration of the traffic micro-simulation is done logically in conducting the analysis of a transport system.
Kinzel and Trueblood 4 categorized software packages into two categories based on the method of calculation. One is a deterministic model. The other is a stochastic model. The former evaluates roundabout performance based on the relationship between traffic flow and capacity along with operational properties such as delay and queues 5 . The latter analyzes roundabouts based on probability in relation to randomness of traffic phenomenon 6, 7 . Deterministic models can be drilled down into two models 8 . One is a statistical model (empirical model). The other is an analytical model (semi-probabilistic model). The statistical model is a regression model developed from field data. This model represents the relationship between the capacity for each direction and the circulating flow rate. The software package RODEL was developed in the United Kingdom by modifying a typical regression model for roundabout capacity estimation 9 . SIDRA is a well-known gap-acceptance model that predicts the approach capacity at a roundabout. This model determines the number of times that gaps are larger than the minimum headway as well as the number of vehicles entering the circular flows based on the follow-up headway 5 . The Highway Capacity Manual (HCM) 10 contains a stochastic simulation model that can integrate the statistical model and the analytical model. Besides a regression model and a gap-acceptance model, microscopic simulation can also predict roundabout performance. A core algorithm behind the microscopic simulation is based on the carfollowing theory and lane-changing logic. Some of the existing microscopic traffic simulation models include SimTraffic, VISSIM, AIMSUN, CUBE Dynasim, and others. In this study, VISSIM and SimTraffic were compared in terms of their operational measurement.
This paper starts with Past Work that introduces the use of traffic simulations in roundabouts through comprehensive literature reviews and includes a research gap. Data comprising a combination of 240 scenarios are tested for data analysis after being calibrated, and results from the two packages are compared in the next section. The last section provides a summary and some limitation of this study.
Past work
Some studies have investigated single lane roundabouts using simulations. Gallelli and Vaiana 8 tested three separate scenarios; width of the splitter island, external roundabout radius, and width of the circulatory roadway by comparing approach delays from VISSIM. They concluded that the microsimulation results were greatly influenced by geometric variables. Al-Ghandour and Rasdorf 11 also used VISSIM to identify the relationship between average delay and circulating conflict volumes in a roundabout and a slip lane volume and found that they were related exponentially up to saturation point. Deshpande and Eadavalli 12 , evaluated a single lane roundabout based on delay and queue length by using four traffic simulations packages, namely; SIDRA, RODEL, VISSIM, and SimTraffic. They insisted that most models including HCM 2010 were not able to mimic well the effects of imbalance in approach volumes.
On the other hand, research on multi-lane roundabouts has been conducted by many researchers. Chen and Lee 9 compared three simulation packages including VISSIM, RODEL, and SIDRA with NCHRP Report 572 and concluded that all three simulation packages overestimated capacities and SIDRA and VISSIM underestimated delays and queue lengths while RODEL overestimated compared to NCHRP Report 572. Later Yin and Qiu 13 did a direct comparison between VISSIM and SIDRA in delay and queue length on two-lane roundabouts. They concluded that the two simulations predicted similar delays at medium to high traffic flow and at all left turn proportion levels although VISSIM predicted longer queue length than those by SIDRA. Bared and Afshar 14 tested VISSIM, SIDRA, Tanner Wu, and new NVHRP models for multi-lane roundabouts at capacity. Unlike other studies, they concluded that simulation results were compatible with field data collected in the United States by the NCHRP Report 572. Another study conducted by Ambadipudi 15 revealed that VISSIM and SIDRA generated approximately 6 times and 2.5 times longer delay, respectively, on the southern approach and about 10 times and 5 times longer maximum queue length, respectively, on the eastern approach than RODEL. Peterson et al. 16 compared VISSIM and RODEL at capacity on single and dual lane roundabouts finding the capacity from VISSIM were consistently lower than from RODEL. In the early comparison study conducted by Stanek and Milam 7 , it was concluded that macroscopic simulations such as FHWA, RODEL and SIDRA can be used for unsaturated conditions whereas microsimulation such as Paramics and VISSIM needs to be used for over-saturated conditions or unusual road geometry features.
Since many microsimulation studies in the last ten years do not include a comparison between SimTraffic and VISSIM in modeling multi-lane roundabouts, the purpose of this study is to compare the two microsimulation packages in terms of average delay for different scenarios including different number of lanes in the roundabout, different proportion of left turning movement, and different proportion of trucks in traffic flow. 
Data collection
Al-Corniche Street located in the downtown area of the city of Doha, Qatar was selected to collect field data for calibration purposes. This corridor has four roundabouts and one signalized intersection with three lanes in each direction at the speed limit of 80 km/h. The selected street consists of 4 segments with a length of 1.5, 0.85, 2, and 0.45 kilometers, respectively. Travel time between the segments and maximum queue length from multiple different approaches at the intersections were selected as measures of performance. Two vehicles equipped with GPS were used in each direction to record locations and times. Based on the relationship between time and space, travel times between the roundabouts and the intersection were compared from one to another. Data collection was performed from 6:00 AM to 9:00 AM, 11:00 AM to 2:00 PM and 5:00 PM to 8:00 PM on a regular weekday in May 2013.
Ten simulation runs with random seed numbers were performed in order to ensure a reliable average travel time due to simulation's stochastic characteristics.
Values for the minimum headway and the gap time were input into VISSIM and the results for travel time were extracted. The default value for the minimum headway (length of the conflict area) and the minimum gap time was 5 meters and 3.0 seconds, respectively. The minimum headway increased incrementally by 1 meter from 4 meters to 6 meters and the gap time in increments of 0.1 seconds from 2.0 seconds to 3.0 seconds. These ranges are supported by other studies (13, 20) .
In the case of SimTraffic, three values were chosen for each selected parameter. A combination of the values (3*3*3*3*3*3) was used to match with observed data. Travel speeds were 56, 72, and 88 km/h, left turning speeds were 19, 24, and 29 km/h, right turning speeds were 11, 14, and 18 km/h, the headway factor were 0.9, 1.0, and 1.1, the mandatory lane change distance were 160, 400, and 640 m, and the positioning distances were 240, 600, and 960 m. Once the travel time is close to the data collected, the process is finished. The parameter values obtained from this case study were used to carry out the analysis.
Data Analysis

Experimental design
This study was carried out by loading a wide range of traffic flow rates with different turning proportions on a two-lane and a three-lane roundabout. The traffic flow included five levels of traffic flow rates 1,000, 2,000, 3,000, 4,000, and 5,000 veh/h, four levels of left turn proportion (LT proportion), 10%, 20%, 30%, 40%, and three levels of heavy vehicles proportions in the traffic flow, 0%, 10%, and 20%. Fixed right turn (RT) percentage of 20%, lane width of 3.65 meters, speed limit of 80 km/h, and 21 meters inside radius were used on all approaches. These values resulted in 240 combinations of scenarios (60 scenarios on two types of roundabout for each package).
Due to the stochastic nature of simulation, the output of the simulation will vary from different runs because many parameters used in each simulation run will be generated according to specified distributions. In this study, ten runs with randomly selected seed numbers were performed, and the average values were used in the analysis.
Results
A direct comparison of results between SimTraffic and VISSIM in terms of traffic flow rate was performed. Five types of traffic flow including 1,000, 2,000, 3,000, 4,000, and 5,000 veh/h and corresponding average delays for both packages are displayed. When traffic flow was less than 4,000 veh/h, average delays remained steady with a small amount of variation. This tendency changed significantly once traffic flow reached 4,000 veh/h. Results from both packages showed that the maximum of average delay was above 150 seconds with a range between 20 seconds and 210 seconds. When traffic flow was above 4,000 veh/h, higher average delays were expected from both but VISSIM provided a smaller range of variation, between 100 seconds and 290 seconds whereas SimTraffic ranged from 40 seconds to 310 seconds.
Since average delays showed a relatively large difference between low traffic volumes (1,000, 2,000 and 3,000 veh/hr) and high traffic volumes (4,000 and 5,000 veh/hr), the comparisons were divided into two groups, namely low traffic and high traffic. Fig. 2 shows a direct comparison of results between SimTraffic and VISSIM in terms of a truck proportion, a proportion of left turns and the number of lanes against average delay at low and high traffic volumes. Firstly, average delays are plotted for 0, 10%, and 20% trucks in the traffic mix. Both packages produced very similar results showing an average of nearly 10 seconds regardless of the proportion of trucks in the traffic flow at low traffic volumes. In the case of high traffic volume, the higher percentage of trucks resulted in an increased average delay. Both packages showed a very similar pattern, but overall average delay was higher in VISSIM than in SimTraffic. Secondly, the graphs showed the average delays against the proportion of left turns. When traffic volume is low, the mean of average delay for both packages shows nearly 10 seconds although variations increase with an increasing proportion of left turns in SimTraffic. In other words, VISSIM produced a consistent variation in different proportions of left turn. With high traffic volumes, both packages showed an increase in average delays with the increase of the proportions of left turns. However, VISSIM produced a mean of nearly 100 seconds more than SimTraffic. Lastly, average delays are displayed against the number of lanes that is two or three, in roundabouts. Since traffic volume is low, the average delay for both packages remains almost the same for both two and three lanes. However, as capacity of roundabouts increases average delays decrease, correspondingly. However, there is a difference in mean of about 50 seconds between the two packages.
Low Traffic Volume
High Traffic Volumes 
Test for Equality of Variances between Series
Levene's test is a test used to assess the equality of variances between two or more groups. If the significance is less than some critical value (e.g. 0.05), then variances are significantly different, and parametric tests cannot be used. Levene's test is often used before a comparison of means. When Levene's test shows significance, ANOVA (Analysis of variance) or t-test can follow to assess the similarity of groups.
In this study, the Levene's test was used to test whether or not the population (A set of delay) variances are likely to be equal across the two groups (SimTraffic and VISSIM) under a threshold of 0.05 for significance. A p value that is larger than 0.05 fails to reject the null hypothesis, while a p-value that is equal to or smaller than 0.05 rejects the Fig. 3 . The nt R 2 nearly elay.
d users from nalyzing the goal of this mTraffic and n package to y significant tic algorithm package is in accordance with specific local conditions. Like many studies that have compared simulation tools for certain purposes in the past, this study does not conclude that one is better than another. Rather than that, this study concludes that using only one simulation tool can be risky because the results under different traffic conditions (low traffic volumes versus high traffic volumes in this study) can be different.
Although this study includes comprehensive literature reviews and provides a clear comparison between SimTraffic and VISSIM on multi-lane roundabouts, there is still more to explore regarding using traffic simulation on roundabouts. The scope of this study focuses on the performance of an isolated roundabout; however, multiple roundabouts at the network level should be analyzed in the future in order to understand traffic conditions more comprehensively. Finally, the factors considered in this study are traffic volumes, proportion of left turning movement, and proportion of trucks in the traffic flow. Other factors such as different types of vehicles in the traffic, gender percentages, and the average age of drivers, the size of roundabouts, and weather conditions should also be considered as part of future studies.
